Rare B-cell neoplasms with plasmablastic differentiation may aberrantly express CD3 by immunohistochemical staining, which places a great challenge for diagnosis. We here studied 17 cases of CD3+ plasmablastic B-cell neoplasms, including 12 plasmablastic lymphomas and 5 plasmablastic plasma cell myelomas. All 17 cases occurred in the extranodal sites with a male predominance (13/17). Four cases were initially misinterpreted by outside institutions, among which three were diagnosed as 'peripheral T-cell lymphoma, not otherwise specified' and one was classified as 'poorly differentiated neuroendocrine carcinoma'. The plasmablastic cells were present in all 17 cases diffusely or in a subset of tumor cells. CD3 expression was mostly diffuse (12/17) and moderate to strong (11/16) with a cytoplasmic staining pattern (14/16). Other T-cell markers were nearly absent, including CD2 (0/10), CD4 (1/13), CD5 (0/14), CD7 (0/11), and CD8 (0/13). CD138 was positive in all 17 cases and CD79a was variably positive in 8 of 14 cases. Only one case had immunoreactivity to CD20 (1/17) and PAX5 (1/12). CD56 expression and EBV infection were detected in 8/15 and 6/17, respectively. No HHV8 infection was noted in all 11 cases tested. Most cases (11/13) revealed either kappa or lambda light chain restriction. Of the nine cases studied, six had clonal IGH rearrangements but no clonal TRG rearrangements. Our study further emphasizes that the accurate classification of CD3+ plasmablastic neoplasms requires thorough morphologic examination, incorporation of more B-cell and T-cell markers in addition to CD3 and CD20, frequent addition of CD138 staining, and utilization of necessary molecular and genetic studies. Modern Pathology (2018) 31, 718-731; doi:10.1038/modpathol.2017.177; published online 12 January 2018
Lineage assignment and classification of nonHodgkin lymphomas rely heavily on T-cell and B-cell markers, determined by immunohistochemical and/or flow cytometric assays. However, B-cell neoplasms may aberrantly express T-cell markers, particularly expression of CD5 and CD2 in chronic lymphocytic leukemia/small lymphocytic lymphoma and mantle cell lymphoma. 1,2 CD2, CD5, CD7, and CD8 were also occasionally detected in diffuse large B-cell lymphoma. 2, 3 Based on our recent study, 53% cases of ALK-positive large B-cell lymphoma expressed CD4, in addition to CD57 positivity in 26% of cases. 4 Likewise, rare T-cell lymphomas may have aberrant expression of one or more B-cell markers, including CD19, CD20, and PAX5. 5, 6 Aberrant CD3 expression has rarely been described in mature B-cell neoplasms, including diffuse large B-cell lymphoma, classic Hodgkin lymphoma, and follicular lymphoma. 3, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] 18 CD3 expression in CD20+ B-cell lymphomas is usually not problematic since co-expression of these two markers will prompt further workup with more lineage-specific markers and molecular studies. In another study, we noticed that 6-29% cases of primary effusion lymphoma and its solid variant, HHV8+ large B-cell lymphoma, aberrantly expressed CD3; 19 however, presence of HHV8 infection in the lymphoma cells provides a strong evidence for primary effusion lymphoma in HIV+ patients.
Rare cases of plasmablastic lymphoma and plasmablastic plasma cell neoplasm have been reported to be CD3+. 8, [13] [14] [15] [16] 20 The accurate diagnosis of these cases can be difficult since they are typically negative for common B-cell markers (CD20, CD79a, and PAX5). It is particularly challenging in cases with no or only subtle plasmacytic or plasmablastic morphology, and they can potentially be misclassified as 'peripheral T-cell lymphoma, not otherwise specified'. Moreover, plasmablastic neoplasms often have CD56 expression and EBV infection, and with co-expression of CD3 they can be mistaken for 'extranodal NK/T-cell lymphoma, nasal-type'. Therefore, in this study we focus on the CD3+ plasmablastic neoplasms, specifically plasmablastic lymphoma and plasmablastic plasma cell neoplasm, with emphasis on the clinical presentations, morphology, and immunophenotype. We hope to provide further knowledge and draw more attention to this aberrant expression to avoid misinterpretation.
Materials and methods

Case Selection, Specimen Processing, and Immunohistochemical Staining
A total of 17 cases of CD3+ plasmablastic neoplasm were retrieved from multiple institutions, including 12 plasmablastic lymphomas and 5 plasma cell myelomas with plasmablastic morphology. CD3 expression in all 17 cases was detected by immunohistochemical staining on the tissue sections. Two previously reported plasmablastic lymphomas were included in this study with further emphasis on the morphologic and CD3 staining features. 7 Diagnoses of all cases were confirmed with sufficient clinical data, immunohistochemical stains, and molecular studies. Classification of these plasmablastic neoplasms was based on the '2016 Revised World Health Organization Classification of Lymphoid Neoplasms'. 21 The tissue for each case was fixed in 10% buffered formalin, embedded in paraffin, and subsequently sectioned at 4.0 μm for hematoxylin & eosin staining and immunohistochemical studies. Immunohistochemical stains were performed on a Dako Autostainer with Envision (+) Detection Kit (Dako, Carpinteria, CA, USA) with satisfactory negative and positive controls. The antibodies, clones, dilutions, and manufacturers are summarized in Table 1 . Expression of CD3 in the tumor cells was evaluated based on the staining patterns (membranous and cytoplasmic), intensity (1+, weak; 2+, moderate; and 3+, strong), and percentage of positive cells (0-100%). Ki67 was utilized to assess the proliferation rate of tumor cells (0-100%). The immunostains of other antibodies were graded as: negative (− ), weakly and/or focally positive ( − /+), and diffusely and strongly positive (+).
In Situ Hybridization
Digoxigenin-labeled probes (DAKO) were used to detect Epstein-Barr virus (EBV)-encoded small RNA-1 and -2 (EBER-1/2) for EBV infection, immunoglobulin kappa light chain (IGK), and immunoglobulin lambda light chain (IGL). The assays were performed on a Ventana Benchmark XT platform with an iViewBlue detection kit according to the manufacturer's manual (Ventana Medical Systems, Tucson, AZ, USA).
Molecular Assays for Gene Rearrangements
Polymerase chain reaction (PCR) assays were utilized to detect gene rearrangements of immunoglobulin heavy chain (IGH) and T-cell receptor gamma (TRG). Briefly, genomic DNA was extracted from formalin-fixed and paraffin-embedded tissues. Then, the gene rearrangement products for IGH and TRG were amplified by PCR and analyzed on an ABI 310 Genetic Analyzer (Life Technologies, Carlsbad, CA, USA) with appropriate positive and negative controls. For IGH gene rearrangements, 3 sets of primers (frameworks IIA, IIB and IIIA) were used. The primers were specific for the variable and joining regions of the IGH gene, and the sequences were published previously. 22 For TRG gene rearrangements, four sets of primers specific for different gamma variable regions were paired with different joining region primers of the TRG gene. 23 
Results
Clinical Information
The clinical information of the 17 patients is summarized in Table 2 . Average age was 58.3 years, ranging . Two of twelve patients tested for HIV were positive (cases 8 and 14), and additional three patients had immunosuppression or dysfunction due to renal transplant (cases 1 and 6) or Wiskott-Aldrich syndrome (case 9). All cases were initially diagnosed in the extranodal sites, including nasal cavity (6 cases), soft tissue (5 cases), 
Pathology Findings
Morphologic features and diagnoses. The 17 cases of plasmablastic neoplasm showed a variety of morphologic features with at least a subset of plasmablasts present in all cases. The cases with pure plasmablastic proliferation contained solid sheets of tumor cells, which had a large round nucleus with one prominent nucleolus (Figures 1a and b). The cytoplasm was amphophilic with no perinuclear clearing. The cases with mixed plasmacytic and plasmablastic features revealed a spectrum of morphology; the plasmablasts were variable in number and distributed in a background of atypical plasmacytic cells ( Figure 1c ). The plasmacytic cells were smaller than plasmablasts and had a round nucleus with clumped chromatin and often perinuclear clearing. On the Wright-Giemsa-stained smears, the plasmablasts possessed increased nucleus to cytoplasm ratio with a round nucleus, moderately condensed chromatin, and a prominent nucleolus ( Figure 1d ). In addition to plasmablasts, two cases displayed mixed immunoblasts (cases 3 and 4) and three other cases had mixed anaplastic cells (cases 5, 12, and 16). The diagnoses for all 17 cases were confirmed in our institutions, and 12 cases were classified as 'plasmablastic lymphoma' (cases 1-4, 8-11, and 13-15) ( Table 2 ). Four cases were initially misinterpreted by outside institutions (Table 2) , as 'peripheral T-cell lymphoma, not otherwise specified' in three cases (cases 2, 8, and 12) and 'poorly differentiated neuroendocrine carcinoma' in one case (case 3). The colectomy specimen in case 2 had significant autolysis due to delayed specimen fixation at the outside institution. Only a thin rim of tumor cells in the periphery of specimen revealed plasmablastic cytology. The tumor cells in case 12 showed mixed anaplastic and plasmablastic features. Therefore, the lack of apparent plasmacytic or plasmablastic morphology may mislead initial workup and then diagnoses in these cases. The patient in case 15 had a history of chronic lymphocytic leukemia for 5.5 years. However, it was not certain whether the chronic lymphocytic leukemia was clonally related to the plasmablastic lymphoma in this case, although direct transformation from chronic lymphocytic leukemia into plasmablastic lymphoma has rarely been reported. 24 One case was of particular interest as it showed two distinct but clonally related lymphomas. The patient in case 1 had a history of renal transplant and developed post-transplant lymphoproliferative disorder 17 years later. The single lesion in the distal jejunum revealed plasmablastic lymphoma containing purely plasmablasts ( Figures 1a and b) ; the tumor cells expressed CD3 and CD138 but not CD20 or CD45 (Figures 2a-d) (Table 3 ). However, the two masses in the proximal jejunum and distal ileum showed diffuse large B-cell lymphoma with mostly centroblastic cells (Figures 1e and f) but no plasmacytic or plasmablastic cells. Interestingly, the lymphoma cells had a different immunophenotype, with strong positivity of CD3, CD20, CD45, and other B-cell markers but not CD138 (Figures 3a-d) ( Table 3) .
Five cases were classified as plasma cell myeloma with plasmablastic morphology (cases 5, 6, 7, 16, and 17). Case 5 had a refractory plasma cell myeloma for 9 years and case 6 had a history of monoclonal gammopathy of undetermined significance before renal transplant. Therefore, in both cases the current aggressive plasma cell myelomas likely represented high-grade transformation of the prior tumors. Highgrade transformation of plasma cell neoplasm has been report previously. 8, 20 For this reason, case 6 was not considered as 'post-transplant lymphoproliferative disorder' since the plasma cell myeloma occurred before the renal transplant. The patient in case 7 initially presented with a colonic polyp with no overt plasmacytic or plasmablastic morphology. Notably, the tumor cells had strong expression of CD20 and cyclin D1, closely resembling 'blastoid mantle cell lymphoma'. Surprisingly, further immunostains showed positive expression of CD138 but negative for CD19, CD45, and SOX11, thus supporting a diagnosis of plasma cell neoplasm. (Figures 4f and g ). Of the 13 cases stained for Ki67, 12 had a high proliferation rate ≥ 70% and the remaining one had 50%. None of the 11 cases tested for latency-associated nuclear antigen showed any evidence of HHV8 infection. EBV was detected in 6 of 17 cases by in situ hybridization for EBER.
Molecular studies for IGH and TRG gene rearrangements. PCR assays for IGH and TRG gene rearrangements were performed on nine cases. Six cases had clonal IGH rearrangements (cases 1, 3, 4, 7, 8, and 12). None of the nine cases showed clonal TRG rearrangements. The diffuse large B-cell lymphoma and plasmablastic lymphoma in case 1 had an identical peak at 140 bp on the IGH framework 3, indicating the clonal relationship of these two lymphomas (Figures 5a-d) . Of the three cases with no clonal IGH rearrangements, case 13 showed indeterminate IGH rearrangement results. The negative finding in the remaining two cases was likely 
Plasmablastic C,1+/2 +,450% related to poor specimen quality. The colon in case 2 had prominent autolysis due to delayed fixation, and the specimen in case 14 had limited cells from the left-over after flow cytometric assays. Additional immunostains with BOB1 and OCT2 were performed on cases 2 and 14 to confirm the B-cell linage, which demonstrated strong positivity in both cases.
Discussion
Certain terminally differentiated B-cell neoplasms commonly show plasmablastic morphology, including plasmablastic lymphoma, plasmablastic plasma cell myeloma, primary effusion lymphoma, HHV8+ large B-cell lymphoma, and ALK+ large B-cell lymphoma. They have distinct but overlapping clinicopathologic features, which have been discussed in our previous publications. 4, 19 Up to 29% cases of primary effusion lymphoma and HHV8+ large B-cell lymphoma have aberrant CD3 expression. 19 We here specifically focus on the CD3+ plasmablastic lymphoma and plasma cell myeloma with plasmablastic morphology.
Summary of CD3+ Plasmablastic Neoplasms from Our Study and the Literature
The 17 cases of plasmablastic neoplasm in our study revealed plasmablastic morphology and a high proliferation rate. The CD3 expression was mostly moderate to strong with a cytoplasmic staining pattern. However, other T-cell-associated markers were nearly absent, including CD2, CD4, CD5, CD7, and CD8. Therefore, based on our study and the published data, CD3 expression in plasmablastic neoplasms was mostly in the cytoplasm and as a sole aberrant T-cell marker. 7, 8 In contrast, aberrant CD3 expression in diffuse large B-cell lymphomas was often membranous, with frequent co-expression of one or multiple other T-cell markers. 7, 8 In our case 1, CD3 indeed showed a cytoplasmic staining pattern in the plasmablastic lymphoma (Figure 2a ) but a membranous pattern in the diffuse large B-cell lymphoma (Figure 3a) , despite the fact that these two lymphomas were clonally related. In our study, most plasmablastic neoplasms had kappa or lambda light chain restriction and/or clonal IGH rearrangements with no clonal TRG rearrangements, which essentially confirmed the B-cell lineage and excluded the possibility of a T-cell neoplasm. Additional 11 cases of CD3+ plasma cell neoplasm (7 cases) and plasmablastic lymphoma (4 cases) were retrieved from the literature, 8, [13] [14] [15] [16] 20 which showed similar clinicopathologic features to those noted in our 17 cases. Characteristics of the 11 cases in the literature (also Table 4 ) were as follows: the patients were mostly male (10/11) with extranodal infiltration in all of them. The morphologic features included plasmablastic (5 cases), plasmacytic (3 cases), anaplastic (1 case), immunoblastic (1 case), and Figure 5 In case 1, the diffuse large B-cell lymphoma and plasmablastic lymphoma had clonal IGH rearrangements (Figures a and b , respectively) but no clonal TRG rearrangements (Figures c and d, respectively) . The two lymphomas also revealed an identical peak at 140 bp on the IGH framework 3.
high-grade lymphoid (1 case). The plasmablastic neoplasms revealed a high-grade morphology with frequent mitoses and high proliferation indices. All 11 cases had a cytoplasmic CD3 staining pattern, and CD4 was detected in 4 of 8 cases. Other T-cell markers tested were all negative, including CD2 (0/8), CD5 (0/8), CD7 (0/7), and CD8 (0/6). CD138 and MUM1 were detected in all nine and eight cases reported, respectively. CD79a was positive in five of nine cases with a variable expression, whereas other B-cell markers were mostly negative, including CD20 (1/11) and PAX5 (1/9). Four of five cases were positive for CD56. EBV infection was detected in 4 of 10 cases. Molecular studies were performed in 4 cases, all of which were positive for IGH but not TRG gene rearrangements.
Difficulties in Diagnosis of CD3+ Plasmablastic Neoplasms and Advice to Avoid Misclassification
The accurate diagnosis of CD3+ plasmablastic neoplasms can be very challenging in the absence of common B-cell markers (CD20, CD79a, and PAX5). Particularly, these cases may potentially be misclassified as 'peripheral T-cell lymphoma, not otherwise specified', as noted in the three cases from our series and one in the literature. 14 The difficulties in diagnosis are likely due to the following facts: plasmablastic neoplasms may not always show apparent plasmacytic and/or plasmablastic morphology. The tumor cells can display prominent immunoblastic and/or anaplastic features, as seen in our cases 3-5, 9, and 16. In addition, the commonly used needle core biopsies often constrain pathologists with limited amounts of tissue and marked biopsy artifacts. Furthermore, poor specimen fixation and suboptimal specimen processing may significantly compromise morphologic evaluation. The colon specimen in our case 2 had significant autolysis due to poor fixation, with only a thin rim of tumor cells in the periphery showing satisfactory morphology. Notably, plasmablastic neoplasms commonly express CD56 (totally 12/20 in our study and the literature), which can be easily misinterpreted as 'NK/T-cell lymphoma, nasal type', in conjunction with CD3 positivity and presence of EBV infection. Last and most importantly, CD138 is not commonly used during initial workup for high-grade neoplasms in some institutions, particularly in the cases already positive for CD3 or CD20. Without addition of CD138, our case 7 would likely have been rendered as 'blastoid mantle cell lymphoma' due to strong coexpression of CD20 and cyclin D1. If CD138 could have been included in the initial studies, the 3 cases in our study and the literature would have not been misclassified as 'peripheral T-cell lymphoma, not otherwise specified'.
Therefore, a scrutinized morphologic examination is essential for the pathologists to search for evidences of plasmacytic and/or plasmablastic Table 4 Summary of CD3+ plasmablastic neoplasms from the literature and our study differentiation particularly on a high-grade lymphoid neoplasm. We also advocate using CD138 antibody during initial workup for a high-grade lymphoma, in addition to other lineage-specific markers. However, CD138 is also a sensitive marker for carcinoma, and co-expression of CD138 and CD56 may be seen in both plasmablastic neoplasms and neuroendocrine carcinomas. Therefore, for a poorly differentiated neoplasm with CD138 expression, other markers are necessary to confirm the cell origin, including more plasma cell markers, in situ hybridization for kappa and lambda light chains, and epithelial markers. Moreover, the staining quality of CD138 is sensitive to tissue autolysis and necrosis, similar to what noted in many nuclear antibodies; therefore, it should be very cautious to interpret CD138 staining during these circumstances. In our case 2 with prominent autolysis, although CD138 was incorporated in the initial workup, the tumor cells had an unusual granular cytoplasmic staining pattern, which was considered as 'negative with nonspecific staining' by the outside institution. However, we noticed that the reactive plasma cells in the mucosa also had a similar 'granular' staining pattern of CD138, which was clearly due to poor specimen quality. We hereby recommend frequent comparison of immunoreactivity of antigens on tumors with normal cells not just in poorly processed tissues, but in all tissues for different antibodies.
Furthermore, for a high-grade lymphoma with expression of CD3 or CD20, it may be necessary to add more T-cell and/or B-cell markers to confirm the lineage and to exclude the possibility of aberrant expression. We recently demonstrated that OCT2 and BOB1 are very sensitive and specific to confirm the B-cell lineage of poorly differentiated B-cell neoplasms without expression of common B-cell markers (CD20, CD79a, and Pax5). 25 
Possible Explanation of Aberrant CD3 Expression
The etiology of aberrant CD3 expression in B-cell neoplasms is still uncertain. Anti-CD3 antibody reacts to the cytoplasmic domain of the nonglycosylated epsilon chain of CD3. The immunostain typically shows membranous and/or cytoplasmic staining and is routinely used to identify normal and neoplastic T cells. Several possible mechanisms have been proposed to explain the aberrant expression of CD3 in B-cell neoplasms. EBV infection has frequently been observed in B-cell neoplasms with CD3 expression, including primary effusion lymphoma, HHV8+ large B-cell lymphoma, and diffuse large B-cell lymphoma associated with chronic inflammation. 11, 17, 19 However, in our study and review, only 10 of 25 plasmablastic neoplasms had EBV infection (Table 4 ). In addition, EBV-negative diffuse large B-cell lymphomas with aberrant CD3 expression have also been reported. 12 Therefore, EBV infection may only partially account for the aberrant CD3 expression.
Lineage ambiguity, infidelity, and promiscuity have been recognized in hematopoietic neoplasms, including acute leukemia with ambiguous lineage and mature B-cell or T-cell lymphoma with aberrant expression. Moreover, mature B-cell or T-cell lymphomas can transdifferentiate into other types of neoplasms, particularly dendritic cell and histiocytic sarcomas. [26] [27] [28] [29] In the reported cases, the transdifferentiated dendritic cell and histiocytic sarcomas had the typical morphology and immunophenotype of dendritic cell and histiocytic neoplasms, although they still retained the same chromosomal translocations and IGH or TRG gene rearrangements present in the original B-cell or T-cell lymphomas. However, in our opinion, the aberrant CD3 expression in our plasmablastic neoplasms was not related to transdifferentiation. The CD3+ plasmablastic neoplasms still kept the plasmablastic and plasmacytic morphology with expression of plasmacytic markers, and CD3 was mostly expressed as the sole aberrant T-cell marker.
Another proposed mechanism was downregulation of B-cell transcriptional factors, particularly PAX5. PAX5 is an important regulator of B-cell differentiation, and loss of this protein in plasmablastic neoplasms may allow aberrant T-cell antigen expression. 30 The cytoplasmic CD3 staining in the plasmablastic neoplasms is probably not attributed to the background staining or cross reactivity with the cytoplasmic immunoglobulin. In our series, we realized that only the neoplastic cells but not the background plasma cells stained positively for CD3. Furthermore, aberrant CD3 expression was preferentially detected in the cases with immunosuppression and/ or EBV infection. Particularly, we noticed that CD3 can be detected in HHV8+ large B-cell lymphomas without detectable cytoplasmic kappa or light chain (Table 4 in reference # 19 : cases 2, 5, 45, and 46).
Another consideration of aberrant CD3 expression in plasmablastic neoplasms is the sensitivity and specificity of CD3 antibody. Multiple CD3 antibody clones have been used in the studies reporting CD3 expression in B-cell neoplasms, including Ventana Rabbit monoclonal 26V6, Novocastra mouse monoclonal PS1, and Dako F7.2.38. 7, 8, 10 Oliveira et al. 8 stained their CD3+ B-cell neoplasms with two different CD3 antibody clones (Novocastra PS1 clone and Dako F7.2.38), which showed similar staining patterns. Hence, this finding further indicated that CD3 expression in B-cell neoplasms was not due to background staining or cross reactivity to immunoglobulin.
Nevertheless, although we do not know the exact mechanisms of CD3 expression in B-cell neoplasms, detection of this aberrant expression indicates that immunostains with only CD20 and CD3 to establish the cell lineage may lead to misclassification of hematopoietic neoplasms. Therefore, in the initial workup of high-grade lymphomas with unusual clinical presentations and morphologic features, we recommend combination of one or more T-cell markers (CD2, CD4, CD5, CD7, and CD8) and B-cell markers (CD79a, PAX5, BOB1, and OCT2), in addition to CD3 and CD20. Particularly, CD138 should be frequently stained, even in cases without obvious plasmacytic or plasmablastic cytology. Molecular analyses for IGH and TRG rearrangements are also very helpful in determining the cell origin and assisting in accurate classification of these unusual neoplasms.
Conclusions
Plasmablastic lymphoma and plasmablastic plasma cell myeloma with aberrant CD3 expression almost exclusively occurred in the extranodal sites with a male predominance. The tumor cells typically showed a high-grade morphology with a high proliferation rate. Aberrant CD3 expression in these plasmablastic neoplasms was mostly in a cytoplasmic staining pattern and as the sole aberrant T-cell marker. Common B-cell markers (CD20, CD79a, and PAX5) were mostly negative or only partially expressed. Therefore, it is essential to avoid misclassification of CD3+ plasmablastic neoplasms as 'peripheral T-cell lymphoma, not otherwise specified' or '"extranodal NK/T-cell lymphoma, nasal type' by scrutinized morphologic examination, frequent incorporation of CD138 immunostaining, and utilization of more B-cell and T-cell markers in addition to CD3 and CD20, in conjunction with necessary molecular studies.
